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INTRODUCTION 



I . 

This paper describes a mathematical approach to manpower 
planning for an emerging Navy. The situation is that of a 
small growing Navy with a comprehensive defense task. To ex- 
pand and develop such a Navy to an appropriate size, a care- 
ful and detailed approach to manpower planning is necessary. 

To make the best use of the very limited manpower re- 
sources available for the required rapid expansion, two poli- 
cy decisions will be assumed: 

1. All available domestic manpower resources would be 
utilized in military billets, mainly on board ships, while 
civilian billets in shore repair and logistic facilities 
would be filled by foreign imported expertise. 

2. In the beginning, inputs to the enlisted personnel 
structure would be at several levels: 

a. At the lowest level where sailors make their 
way up via on the job training; 

b. At the middle level "PO^" where sailors would 
come with some knowledge but lack experience. 

The policy indicated above provides a solution for a rapidly 
growing Navy during the early years of its expansion program / 
but imposes serious long-term problems. 

a. The foreign labor force cannot be maintained in- 
definitely, but must be phased out smoothly 
according to some time table; 
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b. The comparatively large numbers of petty offi- 
cers who join at the middle level would soon 
reach the top of the enlisted structure and 
will have to leave, making room for others to 
move up* If the only two exits for petty offi- 
cers were to commissioned officers or outside 
the organization, the organization would lose 
needed experience . ^ 

A solution for the two problems would be to direct the exces- 
sive enlisted personnel to the shore repair and logistic 
facilities as replacements for the foreign labor force 
according to the predetermined schedule. 

It should be worth noting that some of the shore billets 
will require skills and backgrounds that would not be avail- 
able within the enlisted force. Such billets will be filled 
from sources other than the enlisted force. One such source 
is the commissioned officers force. The comparatively large 
number of junior officers admitted to the organization in 
the early years and the anticipated accelerated promotion 
policy that is required to meet the expansion require- 
ments are expected to force many officers out of the system 
prematurely. Those officers could be directed to the shore 
facilities . 



There are enough arguments that good CPO ' s do not usually 
make good ensigns due to the big difference in what is re- 
quired of each; accordingly when a CPO is promoted to an 
ensign, the Navy is likely to lose the output of both. 
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II 



MODEL OBJECTIVES 



The model defined in this paper is designed to assist 
in management decisions with relation to manpower planning 
for policy making, training plans and budget planning. 

A. POLICY MAKING 

This area deals with decisions related to: 

1 . Recruiting 

In this category questions might arise along the 
following lines: 

a. How many men should be recruited every year 
and in what classes? 

b. What would be the long run implications of 
different growth patterns if adopted? 

c. Where is the present recruiting policy leading 
the force? 

d. When should the recruiting policy be changed 
to help reach desired levels at certain points in time, 
and what should be the nature of the policy change? 

2 . Promotions 

Questions may arise along the following lines: 

a. What is the effect of maintaining the present 
promotion policy? 
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b. What happens to the grade mix if promotions were 

accelerated in the lower ranks and/or the higher ranks? 

c. What happens to the grade mix if promotions were 

halted for some number of years either throughout the system 
or within certain ranks? 

3 . Retirements and Discharge 

The focus in this area is on the systemic impact on 
the organization as a result of reducing the retiring age, 
thus allowing a larger number of people to leave the system 
from the comparatively lower ranks or vice versa. 

B. TRAINING PLANS 

This area deals with 

1 • Number of Trainees 

a. What should be the capacity of the training 
facilities ? 

b. How would a change in the length of the training 
period affect the inventory at the training facilities, and 
the system. 

2 . Types of Training 

This area deals with questions like: 

a. How many people should be trained in what skills 
to meet a required skill mix by a certain time? 

b. What is the impact of adding or eliminating one 
or more training curricula on the stock mix in the training 
facility and on the organization? 
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C. BUDGET PLANNING 

The questions that may arise in this 
the following lines: 

1. How large is the fund required to 
inventory costs in a given period? 

2. What are the financial impacts of 
decisions made in the policy making or th 
areas? 



section are along 

cover the manpower 

any of the 
e training planning 
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Ill 



MODEL DESIGN 



The Navy is comprised of the classes {recruits, sailors, 
petty officers, officers, civilians}* Movements from one 
class to another is permitted in some cases and prohibited 
in others. There are flows to and from the system and the 
outside on a continuous basis. 

For simplicity, it will be assumed initially that the 
organization is partitioned into ten mutually exclusive 
states. Figure 1 is a diagrammatic representation of the 
system. The lines connecting any two blocks indicate per- 
sonnel flows between those two blocks in the direction of 
the arrows. If we further assume that movements from one 
state to another or to the outside are all linear in nature, 
that is, in proportion to the number in the originating 
state each period, then the system can be modeled as a 
Markovian chain, represented by the P matrix in Figure 2. 

The submatrix Q represents movements among the states. 

A letter q in the (i,j) position in the submatrix Q means a 

fraction q of the present stocks in the ith state will move 

to the j th state in each period of time. No letter q in 
the (i,j) position means that no flows are allowed between 
the states i and j. The (i,j) position is at the intersec- 
tion of row i and column j . The submatrix R represents the 

outflows from the system. A letter r in the (i,j) position 

of the matrix R indicates a fraction r of the present stock 
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GENERAL PUBLIC 
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Fig . 2 



Note: 1. Refer to Fig. 1 for definition of states 11 thru 

20 . 

2. States 1 thru 10 are holding states for the sys- 
tem outflows. State 1 receives outflows from 
state 11; state 2 receives outflows from state 12, 
and so on. 
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in the ith state will flow out to the jth state each period. 



It should be noted that the letters q and r in the P matrix 
indicate some positive fractions that sum to 1 on each row, 
but do not imply equal entries in the Q submatrix or in the 
R submatrix. 

The inputs to the system from the outside are assumed 



here to be a vector H = (h^, ^±2' 



,h 2Q ) that flows to 



the system each period. 



Given the current stocks S 



( 0 ) 



the matrix P = 



p o| 

3 qJ 



(S 11' S 12 



s 20 ) and 



which quantifies the personnel manage- 



ment policy and the vector H = (h^, ^12 



.h ) which 



represents the direct input to the system each period, then 
the stocks after one period S ^ ^ and after (t) periods 



as well as at the steady state S 
follows [1] 



(00) 



can be calculated as 



s (1 > = s (0) . 8 + H 



S {t) - s (0) 
S (00) = H 



t-1 



t-2 



Q + H(Q + Q + ... + I ) 

(I-Q) ~ 1 



( 1 ) 



We can also calculate the number of people leaving the 
system during any given period. 

Let be the number of people leaving the system during 

period ( t) . 



G (1) 

G (t) 



(g x , g 2 ,... 
s (0) R 
s (t - 1} • R 



g io ) 



H • (I-Q)” 1 R 



( 2 ) 
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As a timing convection, p eriod t is used throughout this 
thesis to define the time interval (t-l,t], thus time t is 
the last instant in the period t, and time t-1 marks the 
beginning of period t, although it is not included in the 
period. 

Ex . 1 

Given the following information: 

H = (100, 50, 0, 0, 20, 10, 10, 0, 10, 5) 

S (0) = (300,100,1000,400,60,200,20,40,20,30) 



P 




Find S 



( 1 ) 



( 2 ) 



(oo) 



and G 



( 1 ) 



( 2 ) 



and G 



(oo) 
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Solution: Applying the formulae in (1) and (2), the following results 

are obtained: 
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